The principal fusaria isolated from either corn toxyscirpenol, and T-2 toxin were also tested for or feedstuffs that have been associated with the antibiotic activity against Mucor ramannianus swine disorders of emesis, bloody stools, aborMoller NRRL 1839, Saccharomyces bayanus tion, hyperestrogenism, and refusal to eat moldy Sacco NRRL Y-139, Bordetella bronchiseptica grains are usually representatives ofthe Discolor (Ferry) Moreno-Lopez NRRL B-140, Staphylosection. These molds include Gibberella zeae coccus aureus Rosenbach NRRL B-313, and (Sch.) Petch (conidial state: Fusarium gramiMycobacterium smegmatis (Trevisan) Lehnearum Schw.) (7), Fusarium roseum Lk., and mann et Neumann NRRL B-692. For the antiFusarium culmorum (W. G. Smith) Sacco (5, 8, biotic assay, we utilized the procedme of Lin-9, 10), but fungi of other Fusarium sections, denfelser and Ciegler (3). such as the Sporotrichiella, Liseola, and Ar-
The Fusarium strains studied for vomitoxin chnites, have been isolated from grains associproduction were maintained on hay fusion agar ated with similar animal disorders (2) . slants and cultmed on coarsely cracked corn (50 Mycotoxins zearalenone, an estrogen to swine g) at 28°C for 30 days as previously described (4), and 3,7,15-trihydroxy-12,13-epoxytricho- (10) . Each dried cultme was extracted with thec-9-ene-8-one (trivial names, vomitoxin or CH30H:HzO (40:60), and the residue remaining deoxynivalenol), an emetic and refusal factor to on evaporation of each extract was chromatoswine (13) , are commonly produced by species graphed on a silica gel column as previously of the Roseum section (6, (8) (9) (10) . These two described (11), Vomitoxin was detected in each toxins often occm as co-contaminants in cereal of the CHC1-CfLJOH column eluates bv thingrains and are frequently detected in field corn layer chromatography as a yellow spot ,~ith the (8, 10) and feedstuffs (5) .
spray reagent p-anisaldehyde. Zearalenone proBecause of the prevalence of colonists from duced by each of the 16 strains (Table 1) was the Discolor section in grains associated with found in the CHCll and CHCb-CH30H eluates swine mycotoxicoses, we studied 16 strains of by comparison with an authentic sample by thinthis section for their ability to elaborate vomi-layer chromatography. Quantitation was not toxin and zearalenone on corn in the laboratory.
pelformed on the zearalenone-positive samples. The Fusarium strains investigated are listed in However, 40 flg of zearalenone per g of fermented Table 1 with their somce of origin. These strains corn was isolated from strain NRRL 5883. Unare maintained in the Agricultural Research equivocal identification as zearalenone was by Cultme Collection (NRRL) Peoria, Ill. Addition-mixed melting point and comparison of nuclear ally, the antibiotic activity of vomitoxin and magnetic resonance spectrum and mass specdiacetoxyscirpenol was tested against the mold trum with spectra obtained from an authentic Penicillium digitatum Sacco NRRL 1202, which sample (mp 161 to 162°C) received from Comis inhibited by T -2 toxin (1). Vomitoxin, diace-mercial Solvents Corp. (Terre Haute, Ind.). e Vomitoxin produced by this strain (10) . INo quantitation; interfering peak. }! F. culmorum. h Vomitoxin produced by this strain (12) .
Beside the thin-layer chromatographic analysis, residues from each column eluate were further analyzed for vomitoxin by gas-liquid chromatography (GLC) (Tracor 560; 3% OV-1 column; 6 ft [ca. 1.8 m]; temperatme programmed from 160 to 250°C at 5°C per min and flow rate of helium carrier gas at 40 ml/min) by treating 1% by weight of each residue with 50 fll of trimethylsilyl derivitizing reagent (Tri Sil TBT, Pierce Chemical Co.) and heating at HO°C for 15 min. The residues from each of the CHCb-CH 3 0H eluates showed a peak with the same retention time as vomitoxin (15.1. min) and a peak at the retention time for zearalenone. Quantitative analysis of vomitoxin (mp 152 to 153°C; 99+% pme by GLC) in the positive eluates was by GLC, using diacetoxyscirpenol (retention time, 16.6 min) as internal standard (ll). However, the GLC chromatogram of the residue from F. graminearum NRRL 3376, which contained vomitoxin as shown by thinlayer chromatography, also had a peak at the retention time of diacetoxyscirpenol; hence, no quantitation was made for this sample (GLCmas spectral analyses revealed that this peak was not diacetoxyscirpenol). The amounts of vomitoxin ranged from 5 to 236 p.g/g of fermented corn and are tabulated in 
Duncan's test at the 95% confidence level shows that these values were significantly different for groupings, as designated in Table 1 . Each vomitoxin determination is an average obtained from two separate fermentations. Vomitoxin was fmther verified by GLC-mass spectral analyses of each positive eluate, and from the two strains NRRL 5883 and NRRL 3288, quantities of 90 and 35 p.g of vomitoxin per g of fermented corn were isolated in 90% pmity, respectively. The major impmity, which accompanied vomitoxin, was a yellow pigment.
Pme vomitoxin, T-2 toxin, and diacetoxyscirpenol as determined by melting point and GLC analysis exhibited no antibiotic activity against the gram-positive, gram-negative, or acid-fast bacteria tested. Vomitoxin, at a concentration of 200 p.g/disk (0.7-mm diameter), weakly inhibited the fungi (zone of inhibition s10 rum) S. bayanus NRRL Y-139, P. digitatwn NRRL 1202, and NI. ramannianus NRRL 1839, whereas T-2 toxin and diacetoxyscirpenol each gave 35-mm zones of inhibition. Two sets of assay disk were impregnated, each with either an acetone solution of T-2 toxin or diacetoxyscirpenol at five different levels and used in two replicates.
These fungal and bacterial test organisms would not be good presumptive test indicators for vomitoxin. However, the mold test organisms would be satisfactory for presumptive test for T-2 toxin and diacetoxyscirpenol, since 5 p.g of each toxin showed inhibitory effects (T-2 toxin-NRRL 1839, 22 mm; NRRL 1202, 12 mm; diacetoxyscirpenol-NRRL 1839, 15 mm; NRRL 1202, 17 nun). T-2 toxin at the same level inhibited growth of the yeast (22 mm), and 50 p.g of diacetoxyscirpenol caused an inhibitory zone of 15 mm.
This experiment showed that diverse Fusarium species, when grown on corn at 28°C in the laboratory produce vomitoxin and zearalenone. These strains, which originated from corn, present a potential threat to monogastric animals (e.g., swine) because of their ability to produce these two toxins and, more importantly, because of the possibility of synergistic activity of these two metabolites and its effect on the reproductive cycle of sows when vomitoxin is present in concentrations which do not cause complete feed refusal in swine.
